In many freshwater fishes, in order to clarify the evolution of life-history characteristics by species, variations in reproductive traits have been examined between intra-and interspecific populations, revealing such life-history polymorphism as anadromous and fluvial forms. [1] [2] [3] [4] [5] [6] In lampreys, Malmqvist 7 noted that the largest absolute egg sizes have been exhibited in parasitic, anadromous species having the greatest body size at maturity, although non-parasitic, fluvial species have larger eggs relative to body size. Gross 3 also reported that fluvial lampreys had slightly larger eggs than anadromous lampreys. Although the genus Lethenteron includes both parasitic anadromous L. japonicum and non-parasitic fluvial L. kessleri, plus the northern and southern forms of L. reissneri, 8, 9 a few reproductive traits such as egg size and fecundity (clutch size), have been reported for those taxa. 7 According to the lamprey speciation hypothesis, that non-parasitic fluvial species have been derived from congeneric parasitic anadromous species, 10 in the monophyletic group comprising the three taxa mentioned above, L. kessleri and the northern form of L. reissneri may have evolved separately from ancestral stocks of L. japonicum. 9, 11 In the present study, egg size and fecundity were examined and compared among four Lethenteron taxa collected from Japan, in order to elucidate their evolutionary patterns of life-history traits.
Lamprey samples were collected from rivers of Hokkaido and Honshu Islands, Japan, during 1996 and 1999. All identifications were based on morphological 8 and genetic 9 characteristics. To examine egg size and fecundity, female specimens were caught during April and June, all specimens having ovulated eggs. Additionally, prematuring females, having pre-ovulatory eggs, were collected during March and June for fecundity analysis.
All eggs were extracted from each individual and preserved in 10% phosphate-buffered formalin. Long and short diameters corresponding with the animal-vegetative poles axis and the vertical axis, respectively, of 20-210 eggs representing all or part of the residual eggs were measured for each mature female. Measurements were made under a dissecting microscope to the nearest 0.01 mm using a digital micrometer. The number of eggs in each female was counted directly, excluding those of L. japonicum. The fecundity of L. japonicum was determined according to the following formula:
where N and n are the total and a part number of eggs, respectively, and W and w the total and a part weight of eggs, respectively.
Significant positive relationships with body size at maturity (L) were found for short egg diameter (Es) in the Gakko River population in the northern form of L. reissneri (Es = 0.0054 L + 0.4235, r 2 = 0.3997, n = 12, P = 0.005), and for both the long (El) and short egg diameter of the Gakko River population in the southern form of L. reissneri (El = 0.0034 L + 0.8109, r 2 = 0.3281, n = 19, P = 0.027; Es = 0.0033 L + 0.6894, r 2 = 0.3453, n = 19, P = 0.004). Regardless of these results, the fluvial taxa, which
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Interspecific differences in egg size and fecundity among Japanese lampreys 13 Because the upper regions of rivers would be disadvantageous for offspring owing to poor food supply, fast currents and lower temperature, larger offspring may be generally more adaptive to such environments.
14 Since the offspring of non-parasitic fluvial lamprey species have a greater tendency to predominate in the upper regions of rivers than those of parasitic anadromous species, 10 the non-parasitic fluvial species may be favored by producing larger eggs. On the other hand, the fluvial L. kessleri did not indicate a significant difference in egg sizes from anadromous L. japonicum. Judging from the slight genetic divergence between L. kessleri and L. japonicum, the former may have evolved more recently from ancestral stocks of the latter in comparing the origin of the northern form of L. reissneri from the latter, 9, 11 suggesting that L. kessleri might be in the process of adaptation to the environments in the upper regions of rivers.
Similar differences in egg size have been reported within and among related fish species with differing life histories, such as anadromous were characterized by smaller body size at maturity, revealed the larger egg sizes compared with the anadromous L. japonicum (Table 1) . Each of the northern and southern forms of L. reissneri was significantly larger in long egg diameter than L. japonicum (Steel-Dwass's test 12 at P = 0.05), although no significant difference was found between each of three taxa and L. kessleri. Additionally, each of three fluvial taxa showed a tendency for lower fecundity than the anadromous L. japonicum.
According to the speciation hypothesis advocated for L. japonicum, L. kessleri and the northern form of L. reissneri, 9,11 the evolution of phenotypic characteristics should proceed towards smaller size at maturity, greater relative egg size and reduced fecundity. Additionally, the southern form of L. reissneri, being distantly related to the other Lethenteron taxa, 9 has displayed similar reproductive traits to the other fluvial taxa, suggesting that larger eggs and lower fecundity should be superior in terms of individual fitness in environmental conditions for fluvial taxa.
The optimal size of offspring conferring 376
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Y Yamazaki et al. and fluvial (e.g. Gasterosteus aculeatus, 4 Cottus species 1 and Rhinogobius complex; 15,16 associated with differences in post-hatching development between related species in the latter two groups). 1, 15 Therefore, in order to clarify the adaptive significance of different egg sizes between anadromous and fluvial Lethenteron taxa, differences in early development and ecological traits need to be examined.
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